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ABSTRACT
Improving silver halide emulsions used for the
direct writing of oscillographic traces is a topic not
discussed openly in the technical literature. It has
been previously thought that good contrast between image
and background depends upon the extreme low-intensity
reciprocity law failure of these emulsions combined with
their ability to be desensitized by low-intensity light.
Evidence presented in this report indicates that low-
intensity reciprocity law failure is very desirable for
the surface image; however, for the internal image, the
most practical* of the three materials tested reveals no
reciprocity law failure within the time interval from
IO*2
to
10*6
seconds of xenon flash exposure.
* interms of:
A. Lower access time (threshold for the image to appear
under room illumination)
B. Lower background
C.\ Higher contrast
-2-
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INTRODUCTION
The most comprehensive account of the image formation process of
high-speed print-out papers used for photo-recording has been presented
by Jacobs . During the initial exposure, which is of short- time high-
intensity type, a relatively large number of small centers is formed.
Since the smallest of the centers are not stable, the only centers
remaining after the exposure is terminated will be those that are
larger than some minimum size. These stable image centers are not
themselves developable, but if a supply of electron-hole pairs is
generated by means of a second exposure, then they may collect additional
silver atoms and so grow to a size at which they are capable of devel
opment.
Exposing the material to a weak light for a relatively long time
will generate the necessary hole-pairs, but they are not generated so
fast that any unstable centers formed are converted to the larger stable
centers before they dissociate. Hence with weak light no new latent
image is formed, but sub-latent image which already existed is rein- 1
forced and made developable.
Exposing the material to a weak light for a relatively long time will
generate the necessary hole-pairs, but they are not generated so fast that
any unstable centers formed are converted to the larger stable centers
bfore they dissociate. Hence with weak light no new latent image is formed,
but sub-latent image which has already existed is reinforced and made devel
opable.
Hunt2
gives a slightly different account of the latensification or dev
elopment by light of the latent image. The low-intensity amplification
-3-
exposure forms surface latent images on the non-image grains, i.e.,
on those which did not receive the high-intensity Initial exposure.
EThe surface latent images apparently inhibit or prevent the formation
of internal latent images. As a result the background is desensitized
and is not easily darkened by further exposure to either high- or low-
intensity
radiation."
:: .4 ..,,:,
>
Webb and Evans
J
have results which indicate that low-intensity
reciprocity law failure is due to a regression of the latent image
speck in its initial stages of formation while it is still small. If
the speck is built up to a stable size by a primary high exposure,
the subsequent low-intensity can continue to build up the speck as
efficiently as exposure at
high-
intensity, which is in good agreement
with the two previous hypotheses.
Proof that the latent image formed by the high-intensity exposure
is internal was obtained by Dyba and Smith . They used a 10 micro
second xenon flash through a step wedge and speed was calculated as
1.0/mcs necessary to form the first visible image. The highest speed
was obtained when a ferricyanide bleach was used to remove surface fog
and the paper was developed in the presence of a silver halide solu-
bilizing agent. In the absence of the solubilizing agent, the speed
was low and only a weak image was formed, indicating that the latent
image was largely internal. When both the ferricyanide bleach and the
s
silver halide solvent developer were omitted, a weak revezjal image was
formed
,
due to the high fog in the emulsion.
Latent Image Distribution and Effective Speed:
Internal developer after bleach25.
Surface developer after bleach ------- 1.5
Surface developer 1.5 (reversal)
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The following curves demonstrate the reciprocity effect for surface
and internal sensitivity. This is the closest approximation anyone has
come up with illustrating the distribution of latent image for photo
recording materials. It should be noted that this is not precise data,
but was estimated from the general response of the material.
SUftFACI IMAM
-O
\0r'
10
EXPOSURE TIME
(SECONDS)-^-
EXPOSURE INTENSITY
Fig. 1. Reciprocity .fT.ct on twrfsc* and
Inl.mol on.itivlry (o^xol
intrav .Aooiwr.i).
Stevens Indicates that it seems probable that an exposed emulsion
will contain grains having;
-(1) latent image on the surface of the grains
-(2) latent image on the surface as well as the Interior of the grains
-(3) latent image only internally
It is known from the work of Luppo-Cramer and Berg chat, in general,
intense exposure forms internal images while low-intensity exposures form
surface latent images.
In reference to developers- both surface and internal, and bleaches,
Berg, Marriage and
Stevens'
found that each, of the solutions used can be
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tested only in Conjuction with the others, and they must be adjusted to
give the maximum differentiation between surface and internal latent
images.
The effectiveness of the bleach (er) must be tested by developing exp
osed strips, bleached and vnbleached in the surface developer, in order to
establish that the destruction of the surface image is as complete as poss
ible, and by developing other strips In the internal developer, in order
to find out how much of the internal image was destroyed. A good proced
ure follows in the paper.
Q
Stevens indicates that the developer for the surface latent image
should give as much development as possible with the exposed film, whilst
under the same conditions it should produce only negligible densities on
exposed and bleached films. The developer must be free from any solvent.
The problem in the case of the internal latent image developer is to find
a solution which will' develop as efficiently as possible the latent image
remaining in the interior of the grains, after bleaching has removed the
surface latent image. This can be done by three general methods;
(1) by developing with solutions containing a silver halide solvent
(2) by development after conversion of the silver bromide to silver
iodide
(3) by physical development after fixation
The author indicates that method #1 is the best.
The fact that the internal latent image can be developed by a devel
oper containing no silver halide can be explained in two ways. The solu
tions can affect the internal latent image either;
(1) by diffusing down into the cracks and flaws in the grain which
may be supposed to contain
the latent image specks
(2) by electronic processes in the crystal lattice, whereby the
internal image is either destroyed or developed by reagents
in contact with the surface
grains8
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Several articles written on the subject of bleaches have given no e-
valuatlon as to which one is best. It seems that a different one is
used for every emulsion. However,
Hunt2
was somewhat successful with
potassium ferricyanide bleach.
James, Vanselow and
Quirk9
defined the surface latent image as that
which makes direct physical contact with any solution surrounding the
silver halide grain, when there is no solvent action at the silver halide
surface. Inernal latent image is defined as that latent image which will
not make contact with a solution because it is covered with silver halide.
Under most practical conditions, the developed density is only roughly
proportional to the number of developed silver particles, and the pro
portionality factor will be the same for surface and internal image only
9
if the effective sizes of the developed particles is the same for both.
Dyba and Smith^ in a covering power comparison, denoted as optical
density divided by the grams of silver per unit area, found ttewt in using
a metol-ascorbic acid developer that the covering power is the same over a
wide density range. for both surface and internal development. This is imp
ortant because it indicates that the densities obtained under these two
conditions may be compared and
related to the number of grains containing
surface and internal latent images. It should be noted that Hunt succ
essful^ as indicated in
his paper) used this combination with photo
recording materials.
Utilizing the
"dry-writing"
properties of these materials, it is poss
ible (after initial high-intensity exposure) to
"develop-up"
these mater
ials in ordinary office
type illumination(approxlmately fifty foot-candles)*
This print-out process is completed after five minutes, or so. The image is
first visible after approximately twenty seconds, then continues to grow.
-7
Quick start fluorescents are commonly utilized.
Sensitometry of these materials has been explored by Current11. The
photo-recording materials are capable of writing speeds in the neigh
borhood of 40,000 inches per second. This corresponds to an exposure time
of approximately one micro-second. The materials can be read on a densitom
eter utilizing a filter over the reflection light source (Wratten #21),
so the paper will not photolyze during the reading process.
It seems likely that with todays faster materials, the exposure time
corresponding to greatly increased writing speeds, is in the neighborhood
of one-tenth micro-second. So any exploratory experiments should cover this
region(for the high-intensity, short duration
exposure).12
Furthermore evaluation of these materials with an ora^e filter(#21)
is not likely to correlate well with visual density. A green filter corr
esponding to visual sensitivity response
would make more sense. I have
made these measurements using a Wratten 38A and a Wratten 106 filter.
A*
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OBJECTIVES
I. To study the distribution of surface and internal latent image sens
itivity using photo-recording materials of the
'dry-writing'
type. Tests
will include;
A. Reciprocity law behavior
B. Effect of 'light-amplification' on the distribution of sensitivity
2. To study the print-out effect of these papers when exposed to;
A. Varying illumination levels; (at a constant exposure level)
B. 'Light-amplification'
3. To find a relationship between the latent-image sensitivity distri
bution and practical characteristics, in terms of;
A. Lower access time (threshold for the image to appear under room
illumination)
B. Lower background
C. Higher contrast
.10-
EXPERIMENTAL PROCEDURE-
A. SENSITOMETRY, AND CONSTRUCTION OF NEW UNIT:
In order to conduct tests on photo-recording papers in a manner which
is akin, to that in practise;
1. exposure should be on the order of a micro-second
2. the exposing source should be a high-pressure mercury arc.
However, this light source is not practical for use in a sensitometer;
commonly used are xenon flash tubes. The mercury arc is of the continuous
operation type, while the flashtube is pulsed. Both lamps irradiate in
the short-wavelength region of the spectrum.
Available equipment in the areas of a sensitometer at R.I.T. includes
an Edgerton, Germeshausen and Grler Mark VI. Schematics for additional
circuitry were obtained from E.G.&G. Using the MarkVI's voltage regulator
and power transformer a new unit was built producing exposure times of
10*5
and
IO"6 seconds.* An FX-11 flashtube was used in this additional unit.
The capability of the Mark VI was extended to include
IO"2
to
10"6
seconds.
In order to conduct reciprocity studies using a sensitometer it is
necessary to know the relative energy output at each exposure time. The
determination of actual exposure times was carried out using the output of
an IP39 phototube and an oscilloscope**. Using 1/3 peak power points;
at the
10"3
setting, the actual time was 1.5 X
10"3
seconds
IO"* "
"
0.8 X 10-^
"
10-5 >' " 1.5 X 10-5
"
10"6 " " 2.0 X 10-6
"
A Mornick Light Master was used to determine the relative energy
response at each exposure time. E.G.&G. compensators were used to give
equal energy at
IO"2
&10"3;
10 seconds required no compenstor. Insert
ing a 0.6 neutral density filter in the newly
constructed sensitometer in
*
p. 22
**
p. 24
-li
the IO"5 position yielded the same energy output as the longer exposure
times. At the IO"6 position the energy output was lower by a factor of
four.*
Repeatability was good using this method, however no-one can be sure
that the meter is Integrating all the energy. The R.C. time constant of
this device may be a limiting factor. The reciprocity curves resulting are
fairly smooth. The repeatability of the sensitometer is only as good as
the means used to make the measurements (approximately 5%). Uniformity of
exposure appeared to be good along the exposing surface.
B. DENSITOMETRY:
In being a print-out material of this type, the reflection light
source of a densitometer will cause a density increase as one attempts
to make density measurements. To correct this situation a Wratten 38A
and a Wratten 106 filter were placed over the light source of a Welch
Densichron reflection densitometer. The reflected light being cut down
by at least two orders of magnitude made the amplifier work at a very
high level. Two different amplifier units were used and both developed
"troubles"
causing them to be discontinued in this experiment.
Using a Macbeth RD-100 under low existing roomlight levels permitted
samples to be read quickly with no noticeable change in density. The
light source in the Macbeth, incidentally, appears less intense than that
of the Welch Densichron.
C. DETERMINATION OF DEVELOPING SOLUTIONS:
An account of the state of the art for developing solutions used in
determining latent image distribution studies can be found in the intro
duction. The three pho to-record ing materials used in this report were;
* see laboratory notebook, p.42
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1. duPont Lino Writ 5
2. duPont Lino Writ 7
. Kodak Linagraph 1799
They are all of the
"dry-writing"
category.
Using Hunt's surface developer, a high pH metol-ascorbic acid dev
eloper, both Lino Writ 5 and 7 were completely fogged while Kodak 1799
showed good image. Several other formulations suggested in the liter
ature were .tried and gave very. poor results.* A metol-ascorbic acid
developer** at a pH of 8.45 was found to give all three materials an accept
able surface image. Anti-foggants such as 5-mercapto 4-phenyl tetrazole
and 5-nitrobenzimidazole had the effect of non-selectively lowering overall
density. pH is extremely important in this developer, and it is there
fore very highly buffered with borax.
In order to get the most efficient developing situation, a duPont
proprietary developer(CXL-246) was used as an aim point for Lino Writ 5
and 7. The metol-ascorbic acid developer(surface) surpasses theirs in
contrast, but lacks speed because it is a non-solvent type developer.
Using a solvent increases spe^d by almost an order of magnitude. Formula
tions can be found in the appendix?
Determining proper bleach concentrations to remove all surface sens
itivity proved to be very difficult. With Lino Writ 5 and 7 potassium
ferricyanide would not remove the surface image, while it was removed on
Kodak 1799 at a fairly low concentration. Several different types of
bleaches were tried. Image reversal was noted on Lino Writ 7 using an
acid-dichromate** bleach with silver. Washing Lino Writ 5 and 7 in
water for twenty minutes caused complete fog after developing in the
surface developer. Plain acid-dichromate bleach removed much of the
surface sensitivity on Lino Writ 7. Upon addition
of silver to this bleach
* see laboratory notebook, p. 25-27,29.
** see p. 20 it this report.
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the surface sensitivity was largely unaffected. Lino Writ 5's surface
sensitivity was removed by acid-dichromate bleach with silver, while it
exhibited much sensitivity when bleached with just acid-dichromate. It
was found that doubling the bleach time did not affect the internal image.
This indicates that there is no destruction of internal sensitivity.
It should be noted that not all the surface image was removed by the
bleach from Lino Writ 5 or 7, but enough was removed so as to make poss
ible relative tests on changes in the latent image sensitivity distribu
tion. The data obtained in this experiment are relative rather than ab
solute.
A summary of the bleach conditions and formulations is contained in
the appendix. (f.Zfr)
In order to convert a surface developer to a solvent developer a sil
ver halide solvent has to be incorporated in the developing solution. The
most common solvent is sodium thiosulfate. Using Lino Writ 5 and 7 this
over ii3rra.cc s{e\/e.lop* f
compound works well. There is a great increase in speed and D-max as exp-
ected. However, in using Kodak 1799 with this solvent developer there app
ears to be generally lower density (with no loss in threshold speed). With
the use of potassium iodide instead of a solvent in the surface developer,
some of the silver halide is converted to silver iodide and the internal
image is exposed to the developer and developed. In this case the speed
was increased by approximately twenty times with no apparent
change In D-max.
There is an image color change, from a neutral to a
faded brown.
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EXPERIMENTAL RESULTS
A. , LATENT IMAGE DISTRIBUTION STUDY:
1. At varying illumination levels(exposure remaining
constant);*
Lino Writ 5 and 7 undergo low-intensity reciprocity law failure.
There is approximately a forty times Increase in sensitivity from IO"2
to IO-6 8econds(with changing intensity to keep exposure constant). It
appears that the internal image experiences more low-intensity reciproc
ity law failure than the surface image. This is in agreement with Hunt's
theory.2
Since these developing solutions give only relative distributions we
cannot say that there is, in fact, more internal sensitivity than surface,
as Hunt indicates with the developer combination he used.
The data indicates that the surface sensitivity undergoes severe low-
intensity reciprocity law failure. This is also in good agreement with
Hunt. However, Hunt indicates a maximum sensitivity at approximately
10"^
seconds for the surface image, whereas the data in this report experiences
no maximum in the same exposure parameters as Hunt used.
Kodak 1799 undergoes the same type of surface low-intensity reciproc
ity law failure as Lino Wirt 5 and .7. However, the internal image appar
ently shows no reciprocity law failure. Confidence limits were established
for these points, the standard deviation for the internal image was 1.36
steps; for the surface, 0.35 steps. One step corresponds to a log expos
ure change of 0.15.
Kodak 1799, having the lowest surface sensitivity at low intensity
levels had the lowest background of the three materials tested. According
to Hunt2, what little background is formed during the light-amplification
desensitizes the non-image areas of the internal grains. This would
* see graph p. 25.
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yield higher image to background contrast. The Kodak material had a
faster access time}2 This is the time required for an image to appear
with light-amplification after the initial exposure Is made. This mater
ial, experienceing
almost*
no reciprocity lawofallure in. the. internal image,
forms its phot,olytic silver more quickly than the other materials( who do
experience low-intensity reciprocity law failure) at lower Intensity lev
els corresponding to the second exposure or light amplification.
During the initial imaging exposure, according to Dyba and Smith\ a
large amount of Internal image is formed. However, the reciprocity curves
indicate that there is, in fact, a large amount of surface image formed
also. When this material is used as a print-out material its ability to
form surface image is lessened by the growing internal image giving off
bromine. There is still latent image present in the surface grains, however,
as the experimental results indicate.
2. with "light-amplification";*
Light amplification can be considered a second non-image exposure at
low-intensity levels. The test procedure can be found in the appendix.
The photolytic silver formed during amplification and then chemically
developed was soluble in regular acid-fix hypo. All traces of the image
were lost. This was overcome by using a modified fixer for less time.
The results obtained when chemically developing these samples confirm
what appears to happen. to the photolytic image, but to a much lesser degree.
That is, density(net) increases greatly with light-amplification, while
chemical development shows only a slight effect.
Chemical developers develop areas containing latent images. Thus, dev
eloping a photolytic image would infer that one was developing latent image
contained within. This latent image got there during initial exposure, and
* see graph, p. 27.
** see p. 21.
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is developed up along with the photolytic silver which remains. to appear
together.
The results of these tests indicate that the surface image has a very
high background relative toAmage. This is plausible. The surface devel
oper not only developed the latent image, but the photolytic silver was
also carried along with it. Thus, measurable density came from two loca
tions within the sample; from the photolytic silver and
the-
chemically dev
eloped silver.
The internal background density of the light-amplified samples rev
ealed less cange with time than the surface background density for Lino
Writ 7. This is due to the lower sensitivity of the internal image at
low-
intensity levels. The density level of the background is higher at any
given point for the internal image. This is due to the longer light-ampl
ification times where the internal grains have a higher relative sensitiv
ity than the surface grains.
B. PRINT-OUT EFFECT:
1. at varying illumination levels(exposure remaining
constant);*
All three materials show great low-intensity reciprocity law failure
with light amplification. This response is indicative of the response of
the paper in actual use. The extend to which each exhibits this low-inten
sity failure is nearly identical.
It should bemoted that all density measurements made are net den
sities, so the background effect is not
taken into account at low densities.
Furthermore, we are measuring the exposure required to reach a
low net den
sity.
2. with
"light-amplification";**
Only the Kodak material has a
significant change in background density
* see graph, p. 26.
** see graph, p. 27.
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with light-amplification. As this time Is increased the background level
rises. This is explained by the higher internal sensitivity at long-time
low- intensity exposures. In this case the second non-image exposure, or
light amplification. D-max also increases. This can be attributed to add
itional growth of the internal image with light-amplification.
-18-
CONCLUSIQNS
1. Developing solutions used to reveal surface and internal sensitivity
were formulated. They are good only as a relative comparison and should
not be taken to indicate absolute results. The bleaches were^lOO?. effic
ient, so The images developed in the internal developer did contain some
surface image.
2. Properties of Kodak Llnagraph 1799 versus the duPont Lino Writ 5and7
indicate that 1799 has a faster access time(the threshold time for light-
amplified images to appear) and lower background. One can infer from the
results that this is due to greater internal sensitivity and much lower
surface sensitivity to longer exposures.
('
3. The print-out and surface image of these materials undergo severe low-
intensity reciprocity law failure. Lino Writ 5 and 7's internal image
revealed low-intensity reciprocity law failure, also. However, the Kodak
material revealed none. Therefore, Hunt's theory of these experienceing
low-intensity reciprocity law failure for the surface and internal images
should not be extended to cover all materials of the dry-writing type.
These papers owe .their print-out effect to this low-intensity reciprocity
law failure.
4. The method used in this experiment of developing an image composed of
photolytic silver leads to data which has a very high
background- to- image
ratio.
5. To improve these materials(l.e. shorter access time, higher contrast,
lower backed) one would have to increase the low-intensity reciprocity law
failure of the surface image, and give the internal image a little
high-in-
-19-
tenslty reciprocity law failure,
if and only if the image
areas are to
continue to grow with latensification.
-20-
APPENDIX
A. SUMMARY OF DEVELOPMENT SOLUTIONS:
I. Surface Developer;
-For Kodak Linagraph 1799, Lino Writ 5 and 7
metol 8.5 grams/liter
ascorbic acid 10.0 "
KBr 2.5 "
Borax 35.0 "
Water to make 1.0 liters
pH adjust to 8.45 with NaOH crystals
2. Bleachers;
a. for Lino Writ 7
K2Cr207 1.9 grams/liter
H2S04 1.25 cc
Water to make 1.0 liter
b. for Lino Writ 5
AgN03 10 grams/liter of Lino Writ 7 bleach
c. for Kodak Linagraph Kind 1799
K3Fe(CN)6 2.0 grams/liter
Water to make 1.0 liters
3. Solvent developers;
a. for Lino Writ 5 and 7
Na2S2O310;H2O 2.0 grams/liter of surface developer
b. for Kodak 1799
KI 0.62 grams/liter of surface developer
B. SUMMARY OF DEVELOPMENT PROCEDURES:
1. Surface Development;
(1) 6 minutes @ 73F with ASA standard agitation
(2) Wash for 30 seconds under running water
(3) Fix in acid fixer for 5 minutes
(4) Wash in running water for 20 minutes
2. Internal Development;
(1) Bleach for 3 minutes @ 73F using ASA standard agitation
(2) Wash for 30 seconds under running water
(3) Develop using internal developer (same procedure as surface developer)
-21-
C. FIXING PHOTOLYTIC IMAGES THAT HAVE UNDERGONE CHEMICAL DEVELOPMENT:
1. Fixer formulation;
Na2s23*10 H2O 207.
Na2S03 507.
7., Water to make stock solution
2. Procedure;
(1) Fix for 2 minutes at 73F with ASA standard agitation
(2) Wash for 20 minutes under running water.
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STATISTICAL PROCEDURES
A. Latent-Image Distribution; LIMITS
1. Two replicates for surface image using 1799 at all levels
- 0.4 steps
2. Two replicates for Internal image using 1799 at all levels
*
1.58
"
B. For Print-Out Effect;
Two replicates for all three materials at two levels
- 0.5
w
The standard deviation was calculated for each of the above replicates -
and confidence limits were established at a 95% confidence level. One
step refers to a change in log exposure of 0.15.
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